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Abstract 
In this paper, based on using the stripping principle and optimal control, we consider the improvement of fastness for 
a kind of uncertain networked systems which are composed of some heteromorphic subsystems. The method can be 
summarized as follows. Facing the complex networked structure and the unavoidable uncertainties or disturbances, 
we use the integral feedback with a variable gain for each of the subsystems to remove or eliminate the 
interconnected parts, uncertainties and disturbances. So we turn the control problem of networked systems into that of 
decentralized control. And then we use optimal control for the subsystems respectively. Then the fastness of the 
networked systems can be improved. The theoretical analysis and simulation result are given to indicate the 
effectiveness of the proposed approach. 
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1. Introduction  
In recent years, the control of networked systems has attracted increasing attention from many fields, 
such as communication engineering, transportation, biology systems, and social management, and so on, 
(see [1-6] and the references therein). And many interesting results have been established, for example, 
decentralized fixed modes, decentralized controller design, diagonal Lyapunov function method, M-matrix 
method, etc. ([1-3]). 
Meanwhile, because of the complexity of the networked systems, the optimal control of those systems 
is under great challenges ([4-8]). The fastness of the networked system is an important aspect, especially in 
communication networks ([5]). Although there have been many methods proposed, for example, the 
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method based on the invariant operator to the structure analysis ([7]), optimal tracking control ([8]), H-
infinity control ([9]), many papers are devoted to optimal analysis and decentralized controller design for 
networked systems with linear forms ([10-13]). And, due to the structural constraints in the control of 
networked systems, it is very difficult to develop a unified and effective design strategy. As a result, many 
theoretical and practical problems remain unsolved in this field. 
As we know that uncertainties or disturbances are unavoidable in many practical problems. There is no 
exception for networked control systems ([4], [8], [9], [13]). So interconnected parts, uncertainties and 
disturbances are main problems to the optimal control of networked systems.  
It is known that the stripping principle is an important method to deal with interconnected parts, 
uncertainties and disturbances in the networked control system synthesis ([14]). Here based on using the 
stripping principle and optimal control, we intend to find the systematic way to improve the fastness for 
uncertain networked systems.  
The paper is organized as follows. In section II, the basic idea of the optimization method, which is the 
combination of the stripping principle and the time optimal control, is described. Section III provides the 
main results about the optimization method. In section IV, the simulation result is shown to indicate the 
efficiency of the method. Followed is the conclusions. 
2. The statement of the optimization method 
In this section, we give a brief description to the method for improving the fastness for networked 
systems with uncertainties and/or disturbances. 
Suppose that a dynamical network has N nodes, and different nodes may have different forms of 
structure or orders. Each node in the network is a continuous-time nonlinear uncertain system described by 
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where },,1{ Ni "∈ , τ),,( 21 iiriii xxxx "= , τA  means the transpose of A. ),,( 21 τττ Ni xxxf "  is the 
interconnected part, which indicates that the states of subsystem i are affected by that of the other nodes. 
di(t) is the disturbance. Usually, we suppose that di, fi are unknown to us. ui(t) is the control input of the 
subsystem i. We can get the model of the networked system as the following form 
)( UDFBAXX +++=                                                                                                                     (2) 
where τττ ),,( 1 NxxX "= , ),,( 1 NAAdiagA "= and ),,( 1 NBBdiagB "= are diagonal matrixes, in which 
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Ai , I is a 1−ir  unit matrix, ( )τ iriB ×= 110 " , ( )τNffF ,,1 "= , ( )τNddD ,,1 "= , and 
( )τNuuU ,,1 "= . 
Owing to the uncertainty of F and D, so the model is a more general one than that discussed in [4], [10], 
and [12]. 
In order to use the optimal control to improve the performance of the uncertain networked system, the 
important thing is to get rid of the interconnected parts, uncertainties and disturbances of the system. For 
this purpose, we use the stripping principle. The idea can be summarized as follows. We use certain 
feedback with a variable gain such that the interconnected parts, uncertainties and disturbances can be 
removed or eliminated. So we translate the problem of networked system control into that of decentralized 
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control. In other words, we hope to use certain feedback such that the networked system (2) can be 
changed into the following form: 
BVAXX +=                                                                                                                                      (3) 
where ( )τNvvV ,,1 "= . 
And then, we use optimal control for each of the subsystems respectively. Through choosing proper 
forms of the state feedback, the optimal control can be implemented. 
As for the possibility, based on the inspiration of [14], we introduce integral feedback, or for each node 
i( Ni ,,1"= ), let 
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in which )(tiμ  is a dynamic mechanism, )(tvi  is the new control input for the subsystems i of (3), it is a 
proper state feedback. 
So the problem of the networked system control is changed into estimating the design parameters of 
integral feedback plus assigning the optimal control )(tvi  for each of the subsystems. 
3. The main results 
In this section, we give the main results on the optimal control method. 
3.1The stripping method for the uncertain networked systems 
To realize the idea proposed above, one of the key to the problem is the choice of a proper dynamic 
mechanism used for regulating the gain of the integral feedback in (4). Here, we choose the following form 
which was discussed in [15]. That is to say, we use the dynamic process )(tiμ  which is a differential 
equation with discontinuous righthand side ([16]): 
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where )( ii xσ  is the part which should be stripped from the subsystem i, and ω(>0) be a given positive 
constant.  
Therefore the control input )(tui   is the one as follows: 
)()()( tvtvtu iii +=                                                                                                                                 (6) 
where  ττμ dxtatv tt iiii |)(|)()( 0 10 ∫=  is the control input for rejecting of the interconnected parts, 
uncertainties or disturbances from the subsystem i. 
For the uncertain networked systems (1), we have the related results about the design parameters of iγ  
and 0ia . 
Theorem 1[14]. Consider the uncertain networked system with the following more general form of 
subsystems 
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where Ni ,,1"= , ),,1( Nii "=μ  is given by (5), and let the stripped parts are 
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where  ki ( Ni ,,1"= ) are given constants. 
Then, if the following inequalities 
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Ni ,,1"=             
hold, there is a finite time )(' 0tt ≥ , as 'tt ≥ ,  the following equalities hold , i.e., for Ni ,,1"=  
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The results show that, by using integral feedback mechanism with a variable gain, we can not only 
reject uncertainties and disturbances but also remove the interconnected part from the networked systems. 
And then we translate the synthesis of networked control systems into that of decentralized procedures. So 
the design of V in (3) can be realized easily based on classical or modern control methods. At the same 
time, the method avoids the problem of constructing estimators for disturbances and interconnected parts 
([14]). 
From Theorem 1 we know that, under the given conditions, we can choose iγ  and 0ia  such that 
equalities (11) hold. That is to say, in order to reject the influence of interconnected parts and disturbance, 
we do not need to know the specific forms of di(t) and fi, and we need only to know the upper and lower 
variant boundaries of di(t) or )(tdi  and )(tf i  or )(tf i .  
On the other hand, in engineering implementation, because ),,( 21
τττ
Ni xxxf " and di(t) are often unknown to 
us, we can choose the stripped parts )( ii xσ  in the following form: 
)()( tvxx iirii i +=σ                                                                                                                              (12) 
In such a case, we can avoid the difficulty of getting di(t) or )(tdi  directly. 
As far as the existence of iγ  and 0ia  is concerned, we need only to assume that, for Ni ,,1"= , 
i
t
t
N
i iNi kdxxxxf +∫ ∑≤ = ττττ 0 1 121 |||),,(| "                                                                                              (13) 
and 
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As a matter of fact, there are a great amount of functions satisfy the restrictions (13) and (14). From the 
Gronwall inequality, we know that, if τdxdd tt Ni iii ∫ ∑≤ =0 1 1 |||},max{|   ik+  in the meaning of supremum, the 
finiteness of iγ  and 0ia   can be guaranteed. 
Therefore, for an uncertain networked system, if we can estimate the range of its interconnected parts, 
uncertainties, and disturbances, we can determine the design parameters of the integral feedback according 
to above results. After that, the other control inputs vi(t) can be determined by the requirements of control 
performance. In this paper, it should keep the fastness of the remainder subsystems. 
3.2The optimal control for the remainder subsystems 
If the interconnected parts, uncertainties and disturbances are taken away from the system, the new 
control input vi(t) can be chosen based on the control performance. Here, vi(t) can be obtained by using the 
time optimal control method in linear system theory ([17]). That is to say, we can take time optimal control 
vi(t) for the following system:  
iii BvAxx += ,     },,1{ Ni "∈                                                                                                          (15) 
To realize the optimal control, we take the Hamilton function as follows: 
iii BvkAxkH ''1 ++=                                                                                                                        (16) 
Based on the optimal control theory ([17]), it is the optimal control with constrains, the control input 
)(tvi  can be chosen as a bang-bang control. Based on the minimum principle, the optimal control can be 
obtained as follows: 
))(sgn()( ** tBtv tii λτ−=                                                                                                                         (17) 
where *tλ  is determined by ** tit A λλ τ−= . 
Therefore, after rejecting the interconnected terms and disturbances, the remaining problem is the 
optimal control for each of the subsystems like (17).  
4. Simulations analysis 
For the following nonlinear uncertain networked system with N subsystems 
)( UDFBAXX +++=                                                                                                                    (18) 
where NRX
~∈ , A, B, F, D, U are proper matrices or vectors which keep the equation meaningful, N~  is the 
sum of all the dimensionalities of the subsystems, assume that the outputs of 1ii xy = , ( Ni ,,1"= ) can be 
measured. 
4.1The implementation of the optimization method. 
According to above discussions, we need the higher-order derivatives of the outputs. Therefore we 
need to process the outputs by using tracking-differentiators (TD) ([18]), which is a nonlinear system as 
follows: 
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From the paper [18], we know that, as ∞→1iR , we have ii yy →1  and ii yy →2  So we can regard 2iy  as 
the (generalized) derivative of )(tyi . By using the cascade of TDs, we can obtain the second-order 
derivative of )(tyi , for example, suppose the outputs of the second cascaded TD are 2iy  and 3iy , we can 
take 3iy  as the second-order derivative. 
After the processing of )(tyi , we can obtain its higher-order derivatives and the integration as follows: 
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where 1ix  is the approximation of the original signal yi(t), 2ix  and 3ix  can be regarded as its first-order 
derivative and second-order derivative respectively.  
Then, for a second-order subsystem, let )(tiμ  determined by 
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where vi(t) can be chosen as ( )δ,1 222 ||111 i ii Rxxiii xsatRa +− , which is the input of the second-order fast response 
system ([18]). And the control input for the subsystem i is the following one: 
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4.2Simulation examples. 
Example 1. Consider the following networked system with three second-order interconnected nonlinear 
subsystems 
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in which xi=(xi1,xi2)τ, i =1,2,3 are the states of the subsystems i,  f11 = sin(x11)+ 212x , f22=
2
21x +
2
22x , f33= –
2
31x + 232x , f21 = f23=  –sin(x21) –x22, f31 = f32 = sin(x31)+x32, f12 = f13=sin(x11)+x12 are the interconnected terms. 
d1(t)=5sin(t)+3, d2(t)=3sin(t)+5, d3(t)=3cos(t)+6 can be regarded as terms of disturbances. We hope that the 
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states x1, x2, x3 will be stabilized as quickly as possible. Owing to getting the higher-order derivatives, we 
choose the discrete form of TDs ([19]) for precision. The parameters in TD are chosen as r =30, h=0.01, 
T=0.01. The parameters in (22) are given by ai0=10, ai1=10, Ri1=10 and α=0.6. And the parameters of ω, γi 
in (21) are 0.5 and 10 respectively. The control results on the states of the three subsystems are shown in 
Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1 The control results of the states for the three subsystems 
From the simulation result, it can be seen that, using the method proposed this paper, we can improve 
the performance greatly, even for the system with nonlinear interconnected parts and the disturbances. 
Compared with the performance based on using other methods ([20]), the time taking for the stability 
reduces from 5 second to 2 second. 
It seems that the new method has more parameters to be chosen than the former one, or the structure is 
more complex than other controllers. As a matter of fact, the main parameters in the method are ai0 and γi, 
which can be determined by the theorems given above. The other parameters such as Ri1 can be chosen by 
assigning. And the choice of parameters in TDs can be found in [18]. So, it is easy here than the former one. 
It should be mentioned that the choice of those parameters can be fulfilled separately. 
And, for a group of given design parameters, proper change of those systems' forms, the control results 
may keep unchanged nearly, the method has certain robustness. To keep the effectiveness of optimal, the 
design parameters can also be changed in certain ranges, i.e. the control method also has certain 
adaptability. 
5. Conclusions 
In this paper, we consider a method on improving the fastness for uncertain networked systems by 
using the stripping principle and optimal control. Facing the complex networked structure and the possible 
disturbances, we use a dynamic mechanism to regulate the gains of integral feedback such that they can 
strip all the interconnected parts, uncertainties and disturbances from the subsystems, and then translate the 
problem of networked system control into that of decentralized control. Then we use the optimal control 
for each of the subsystems. The theoretical analysis and simulation result indicate the effectiveness of the 
method. 
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